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Abstract 
Many factors contribute to the punctuality of the time dependent aviation industry; numerous studies have been performed which 
attempt to improve efficiencies of the surface movement of aircraft. Modeling results can be used to analyze future projects and 
can help inform and influence capital decision-making. This work focuses on some of the limitations associated with applying a 
modeling approach to the dynamic systems found within the ramp area at major metropolitan airports. While modeling can be a 
valuable tool in short term resource management and planning in aviation, traditional approaches to dynamic modeling of airports 
do not adequately measure, nor quantify, the effects of industry changes on ramp operations. Without a more holistic approach to 
modeling the integration of the systems operating in the ramp area, there will always be a statistical probability that the model fails 
to account for important variables that alter operating practices and make each ramp area unique. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
This study looks at the modeling of the ramp or apron area, which is the area outside of Federal Aviation 
Administration control. The term “ramp area” is a phrase that draws its origins from the era of seaplanes when aircraft 
would taxi up a ramp out of the water to a terminal building. The “ramp area” is therefore an antiquated phrase that 
has been replaced in the official language of the federal regulations with the phrase “apron area.” This new designation 
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is classified as, “a defined area on an airport intended to accommodate aircraft for purposes of loading or unloading 
passengers or cargo, refueling, parking, or maintenance.”(1) In this work, the phrase ramp is used to reflect the standard 
language used in the industry.  
The ramp is an active, dynamic area, which can be examined as a composite of systems. These systems have 
variable numbers of operators and vehicles, which can dramatically alter operating practices. Built around the 
architecture of the airport’s active movement area, A the integration of these systems in the ramp area changes based 
on, physical infrastructure layout, current configuration, airline fleet composition and the airlines’ philosophical 
differences at a given airport. All of these factors constrain and contain the ramp area altering operators’ ability to 
turn aircraft, B and challenging the ability of planners and scholars to model the interactions between the systems and 
the aircraft they serve. 
In the first paper associated with this work(2), the authors offered a diagram of the ramp area to better explain the 
interactions between the systems and aircraft on the ramp. This diagram proved inadequate for analysis purposes and 
was abandoned in favor of the more comprehensive diagram provided in the A350-900 planning and service manual 
and is shown as Fig.1 below. The figure shows the breakdown of the major interactions that take place within the 
ramp area. Beginning when an aircraft arrives in the ramp area the first system it connects with is the terminal facility; 
the terminal facility is usually controlled by the airport ownership and is used to facilitate the other interactions 
between crews and the aircraft. An aircraft then connects physically to its airline's service systems. This system is 
responsible for providing aircraft with supplies from two major supply systems: the food and fuel supply systems and 
services from the three functional systems: the baggage, the cleaning, and the maintenance systems. The final system 
is the marshalling system, which is controlled by the FAA and is responsible for returning an aircraft to a movement 
area; this is also referred to colloquially as the push back process. By interacting with these three groups and eight 
systems the ramp area can be described as a complex integrations of enabling systems that support the operation of 
the aviation network.  
 
Nomenclature 
A. Movement Area is that area of the airport under FAA Control where aircraft are under their own power and 
all operators are required to be in contact with the control tower.  
B. Turn time refers to the period of time that an aircraft spends on the ground between flights. 
1.1. Purpose 
The purpose of this paper is to analyze the dynamic modeling approach used to analyze the ramp area(2). This work 
is meant to further expand on the previous paper, Airport Ramp Area Support System: An approach for the Analysis 
of the aviation Systems of Systems, by establishing reasonable limitations to the modeling approach and outlining 
future work to be performed to expand the dynamic model approach outlined. The final conclusion of this work 
provides specific information about limitations in the modeling approach of unique airlines and terminal 
configurations within the ramp area. In addition to the specific model this work briefly examines current modeling 
practices used in the aviation industry and establishes the need for a supplemental, analytical, systemic, approach to 
aide in the modeling approach. 
1.2. History of Modeling  
The FAA has worked for more than half a century to unify American airspace and increase safety across the United 
States (3). The FAA implements Regulatory Standards like Part 139 Airport Certification, and publishes Advisory 
Circulars governing how airports must be maintained and operated in order to maintain legal commercial operation. 
The FAA is also responsible for mandating the modernization of the aviation industry across the United States through 
programs like Nextgen. Though the FAA is putting effort into updating and optimizing national standards, the efforts 
to modernize the airspace do not have a focus on the complicated ground based systems at major metropolitan airports. 
This lack of strategic vision for the ground-based systems is a blatant shortcoming of the federal programs.   
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Ramp area Acronyms  
x PBB: Passenger Loading Bridge  
x GPU: Ground Power Unit  
x AS: Auxiliary Conditioned Air Unit  
x CAT: Catering Equipment  
x LDCL: Lower Deck Cargo Loader  
x ULD: Cargo Trailers  
Figure 1: The Ramp Area: a diagram to illustrate the complexity of the system integration 
x LV: Lavatory service  
x CLEAN: Cleaning crews  
x CB: Cargo Belt  
x BULK: Standard Cargo trailers 
Not Pictured  
x Maintenance Crews  
x De-Icing  
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The FAA does not usually control the operations of an airport; therefore analysis of best practices within the ramp 
area is left to other more specialized groups. At most airports the airline companies or private contractors control the 
ramp area taking control of aircraft and equipment inside the ramp area. Currently the FAA does not have a dynamic 
model available to those operators who control the ramp areas systems at airports. There are many potential uses for 
a modeling approach that can provide dynamic feedback on ramp operations to airport owners, planners and the 
airlines that control the operations within the ramp area. The design of a generic tool presents an obvious problem 
however, which is that most ramp areas are highly specialized and are observed and modeled individually(4). 
Consultants use modeling tools such as the Total Airspace and Airport Modeler (TAAM) and AirTOp to plan airports 
movement areas, but these both require high powered computers, specialized training, extensive setup, a 
predetermined schedule, model calibration and an abundance of patience. Even then, these models are relatively 
inaccurate, and provide limited information about the airport outside of the airspace and aircraft movement area. 
Mirkovic performed an analysis of tools used for airport modeling comparing a number of the tools commonly used 
and they all had weaknesses.(4) His paper displays the need for further analysis of the available tools, and supports 
the hypothesis that there are limitations in taking modeling approach to the airport ramp. 
1.3. Currently accepted Limitations of Modeling 
Modeling in the aviation industry tries to use models for simulation, predicting future demand, and analyzing 
utilization levels. Though taking a modeling approach has advantages, like providing insight into an airport’s future, 
the results are not often statistically significant. These results are also highly influenced by the inputs into the system; 
both input data and assumptions made by a modeling approach can alter findings or change the way a model works. 
Most conventional models used in the industry do not incorporate live inputs data meaning that they neglect two major 
factors, the variation in aircraft type and changes in the weather. Models are also built around some necessary 
assumptions or conclusions; the danger comes from assumptions and conclusions that are drawn too early in the 
modeling process that will then influence and shape the results of the model so as to fit the fore drawn conclusions. 
Avoiding the dangers of building a biased model, takes validation and calibration; it is important to validate the 
modeling results by comparing the results with a current system outputs before changing some of the modeling 
parameters. Through calibration and validation of results, the user establishes a sensitivity range that proves that the 
model is accurate under the specific constraints. It is only by successfully building a sensitivity profile and defining 
the output range that the limitations of a specific modeling approach can be identified.  
Models that analyze airport efficiency typically focus on taxiway and runway capacity. The goal in many aviation 
models is to supply aircraft to the runway to maintain maximum departure rates(5).  In general, what goes on in the 
ramp area is assumed to be consistent or irrelevant to the airport throughput. The industry standard is to merge any 
delays encountered through inefficiencies in the ramp area into the turn times.(6) This practice of parceling delays into 
the turn times means that airlines simply pad their schedules to include contingency time for delayed flights, ultimately 
reducing the potential throughput of the ramp area systems. When examining the practices at a local airport the 
operations within the ramp area are harder to track than those in under the control of the FAA. The ramp is primarily 
the concern of the airlines and their contractors who operate their own equipment. This means that airlines and 
contractors must consider not only their own operations but also those of the companies around them when they model 
the apron area. Therefore many of these contractors and airlines only occasionally model the procedures within their 
ramp area and are not willing to share modeling parameters or results. The lack of data publicly available about the 
ramp area makes model calibration difficult, leaving many models of the ramp area limited to assumptions and scarce 
initial input data. Examining ramp area practices also tends to bring up conflicts between ownership and operators 
over best practices. These limitations in the ramp area make it difficult to effectively validate models of the ramp area.  
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Even with the limitations of validation it is easier to look at operations in the ramp area exclusively rather than as 
a part of the entire airport system because it is a smaller data set to examine over a specific time period. Some attempt 
to capture the impact of ramp operations is made by tracking the time of the nose wheel break release at the initiation 
of the flight and the time the brake is re-engaged at the conclusion of the flight. Along with the lift off time and the 
touchdown time these times are input into a database that keeps track of the Out, Off, On, and In times (OOOI). These 
times are also used by airlines to determine on time performance. As shown in Fig.2 most flights are tracked and can 
easily be plotted.  
The challenge with these measures is that any time lost through ineffective management of aircraft on the ramp is 
bundled into the down time between flights. Fig.3 shows the timeline from the approach to the airport through take-
off trying to demonstrate which data is needed for this model. The flight specific data results in no effective method 
to track bottlenecks in the ramp area to inform a modeling approach.  
2. Model Focus 
2.1. Current Model 
The model created in the first paper in this series(2) looked at a dynamic modeling approach that treated daily 
operations at Newark Liberty International Airport (EWR) as a single continuous event. Built first as the simplest 
models that fit the system, the model of the Ramp Area Support Systems got more complicated by layering 
combinations of the simple models taking into account feedback from industry professionals. The goal was to create 
an accurate model that would identify strengths and weaknesses within the United Continental ramp area. This model 
was reviewed by ramp controllers at United, who commented that the model showed promise but would be far more 
useful if it incorporated more variation in demand by looking at varied daily and annual utilization of EWR. It was 
also suggested that the model might be more helpful for long term planning especially for airside terminal planning  
Figure 2: Timeline of Altitude and Speed from Flightaware.com 
Figure 3: Timeline Showing Altitude of Aircraft During Turn Time 
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as a tool to analyze the ability of the airport to increase activity in the ramp area; a modeling approach likely would 
not provide enough insight to terminal operators to be an effective tool for the daily operators. 
The design of this model took into account easy adaptation to other terminals, and scalability to other metropolitan 
airports both in the New York area and around the country. To achieve easy adaptation this model began to look like 
the modular block models presented by Verbraeck et al. in their paper “Simulation Building Blocks for Airport 
Terminal Design” where they used blocks to combine terminal parts to build the model(7). The problem encountered 
with the modular design was that the blocks did not accept a dynamic range of inputs, which limited the ability to 
obtain specific in depth analysis of EWR’s operations. The model also required re-programming the blocks to change 
any initial inputs to the model. The reprogramming turned into a more involved problem because the model was 
subject to a series of assumptions to predict throughput rates for different numbers of operating crews. To avoid the 
limitations of the blocks this model examined functional groupings of tasks into four consecutive functions. The ramp 
area systems EWR are displayed as a series of functional blocks as shown in Fig.4. This diagram shows the general 
architecture of the ramp area systems but makes a number of generalized assumptions that limits the effectiveness of 
the model. 
The model presented achieved the goal of identifying bottlenecks in the ramp area but fell short of providing 
analysis of the specific deficiencies. Building the system architecture into a stock and flow model, that is shown in 
Fig.5, allowed an analysis of the flow or aircraft through the system. This turned into a series of equations that would 
be used in the model to govern the flow of aircraft through the system of interest. Each equation’s resulting output 
was the limiting factor or the minimum flow of aircraft through the functional group of systems. This means that the 
equations look at the simultaneous activities in each of functional phases in the aircraft turn and allow only the smallest 
number of serviced aircraft to pass to the next functional phase of the system in each time step. To allow for more 
manageable results this model is broken into 15-minute blocks leaving only 96 functional time steps in a day to 
analyze. As a result the model had a delay of at least three time steps or 45 minutes; these multiples of 15-minute 
blocks also replaced the actual service times rounding to the nearest expected 15-minute block.  
Figure 4: Functional System Diagram 
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This method provided results that almost aligned with the departure curve of the airport for the day. The comparison 
of the two resulting curves is shown in Fig.6. Despite the seeming similarity in these curves there are still limitation 
in the predictive ability of this model. In the next steps for this research is to alter the input parameters to more closely 
match the Model Output Curve with the Departure Curve. After matching the curves they will need to be compared 
more closely to analyze the statistics of the fit.  
Figure 6:Modeling Outputs Compared with Flightaware Departures Curve 
Figure 5: Dynamic Stock and Flow Model to represent Ramp area 
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2.2. Identified Limitations in the Modeling Approach Used  
The first shortcoming of this model has to do with the initial timing and concentration parameters. This model was 
originally built assuming that limited numbers of aircraft would be in the system at the beginning of the day. This 
assumption was later disproven through research and validation; there are almost always aircraft in the system that 
would have arrived the previous evening and stayed overnight.  
All of the other identified shortcomings of this model fall into two categories; the first category is unpredictable 
variables that proved difficult to include in a simplified model of the ramp operations; some of these variables were 
included but most were left as more abstract factors in the model for future work. The second category deals with the 
limitations in publicly available information; the model abstracted these unavailable numbers to specific distributions 
simulated to reflect expected inputs in the ramp.  
2.2.1. Unpredictable variables 
x Weather: Modelling the weather without a live set of inputs would result in problematic inputs for this model. 
Currently the weather is abstracted to the point of a single variable that can limit the flow of aircraft through the 
system. Currently the input parameter limits the weather into a distinction between Visual Flight Rule (VFR) 
days and Instrument Flight Rule (IFR) days. Understanding that this doesn’t represent the range of available 
weather scenarios, this variable can be replaced with a more complex sub system that implements live data and 
can include wind speed and direction, ceiling heights, predicted rains/precipitation, thunder storms and potential 
conditions that may force aircraft to de-ice prior to flight.  
x De-Icing operation: Currently de-icing is highly dependent on the local airport and the particular policies of an 
airline. This means that there is no way to precisely include de-icing activity in the modelling approach. There is 
currently no variable for the de-icing of aircraft but it could be another sub-function of the weather model.  
2.2.2. Unavailable variables:   
x Fleet Mix: An airline has a specific fleet and more specifically a fleet that they fly into a specific airport. For 
some companies like JetBlue the fleet mix is easy to manage and simulate as they only fly two types of aircraft 
where as United flies 13 types of jets in their mainline fleet. Without information from an airline about the 
aircraft being flown on specific routes it is difficult to accurately simulate size and average time on the ground. 
For the purpose of this model the fleet mix is abstracted to a single variable that is correlated with aircraft design 
group (ADG) and has been set to the average of ADG III.  
x Overnight parking: Most airlines are not willing to share their philosophy on overnight storage or parking of 
aircraft. At a large number of airports it is common for an airline that controls a terminal to have a significant 
portion of their gates occupied through the night-time hours; at EWR for example, United Airlines, the primary 
tenant in Terminal C, will leave a significant numbers of aircraft at the gates over night especially if that aircraft 
will be used for the first flights from that gate the following morning. Other airports and even other airlines have 
very different philosophies about gate occupancy, for example Delta may move aircraft from gates to hardstands 
for the evening for ease of maintenance.  
x Required Amenities: Different airlines require their ramp agents to perform different tasks. Some of the tasks 
differ due to airfield location while others differ because they are contracted out to external ground control 
companies that supply the ground crews and equipment; there are still others tasks that are solely based on airline 
guidelines. Many airlines consider the detailed process of turning an aircraft quickly, a competitive advantages 
and therefore are often not willing to release information about the process publicly. Often times they are willing 
to let paying passengers watch but they will not document the process for other airlines to mimic.  
x Gate times: Flight data is publicly available both online and in database archives. The information about turn 
times however requires the examination of a composite of two flights on the same aircraft, which means that this 
data must be inferred or interpolated from the available archives. Gathering gate time data is also a problematic 
topic in the New York aviation community because of slot restrictions on each of the major airports. Being that 
this model was looking at predicting the gate times and forecasting the ground times the outcome of the model is 
less concerned with matching the actual time an aircraft was on the ground than with matching the output curve 
to the departure curve generated with the publicly available information. 
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3. Findings and Conclusions   
A dynamic active area at an airport, the ramp is subjected to wild variation in weather and operating conditions 
that can slow operations causing significant delays or cancellations of flights at a moments notice. Modeling this area 
produced a set of challenges that would change with any variation.  
The future of this model encompasses turning the working model into an easily used tool for operators and planners 
in the aviation industry. The idea is that the model could be adapted and used for any ramp without the help and 
guidance of a systems thinker to build the specifics of the airfield into the model architecture. This model is one 
simulation that may help airlines align their procedures to efficiently distribute scheduling of aircraft to reduce ramp 
area congestion and streamline taxi times ultimately saving on fuel costs and down time. This model also provides 
analysis that may help airlines level demand on facilities or equipment in the ramp area. By providing a tool to measure 
system throughput and utilization versus the demand on the system the goal to identify bottlenecks has been achieved 
by this model. This model is designed to be the basis for a long-term statistical tool that can help airlines optimize 
their operations without airport authorities resorting to other means to level demand for peak landing opportunities. 
Future work will add some of the specific variables back into the model so the tool can eventually aide in scheduling 
personnel and equipment that could help reduce delays at the airport by optimizing aircraft release philosophies. By 
optimizing the utilization of crews and equipment, airlines will be able to better manage ground costs, which could 
benefit the entire aviation industry.  
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